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(54) Wavelength multiplexing optical transmission device 

(57) In a wavelength multiplexing optical transmis- 
sion device, there are provided first and second optical 
transmission boards which output optical signals which 
have wavelengths different from each other and on 
which different sine-wave signals are superposed. The 
optical signals are coupled by an optical coupler, then 
being divided into two lights by an optical divider. One 
light is amplified by an optical amplifier. The other light 
is converted into an electrical signal by a photodiode, 
then, from the electrical signal, the sine-wave signal 
components superposed being extracted by first and 
second bandpass filters, further the existence of the 
extracted signal being detected by output detectors. An 
adder outputs a reference voltage signal with a voltage 
according to the number of signals detected. A gain 
control circuit controls the amplification gain on a volt- 
age value corresponding to the intensity of an optical 
signal to be output and the reference voltage value, so 
that the level of output fight can be controlled according 
to the number of optical signals. 



FIG. 7 
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Description 

This invention relates to a wavelength multiplexing 
optical transmission device which outputs a wavelength- 
multiplexed optical signal, and more particularly to. a 
wavelength multiplexing optical^ transmission device 
which outputs an optical signal while amplifying it by an 
optical amplifier whose gain is controlled on an optical 
intensity of light to be output. 

In a conventional optical transmission device which 
outputs an optical signal after amplifying it by an optical 
amplifier, the gain of the optical amplifier is controlled 
such that the optical intensity of output light becomes 
constant. In an optical amplifier in which an optical sig- 
nal can be directly amplified as it is by using a rare- 
earth-element-doped fiber such as an erbium-doped 
fiber, an optical signal with wavelength-multiplexed light 
which includes wavelengths different from each other 
can be in a lump amplified. In case of using such an 
optical amplifier, it is necessary for the amplification 
gain of the optical amplifier to be set such that the opti- 
cal intensity of optical signal per each of the multiplexed 
wavelengths comes to a constant reference value. 

However, when the amplification gain is controlled 
to make constant the optical intensity of output light of 
an optical amplifier, the optical intensity of optical signal 
per each wavelength may be varied, depending on the 
number of lights to be wavelength-multiplexed. For 
example, if the number of lights to be wavelength-multi- 
plexed is increased under the gain control that the opti- 
cal intensity of output light is controlled to be constant, 
the optical intensity per one wavelength after the ampli- 
fication must be reduced. Because of this, there have 
been developed various devices in which the gain is 
controlled such that the optical intensity of optical signal 
per each wavelength becomes constant. 

Japanese patent application laid-open No.4- 
78827(1992) discloses a wavelength multiplexing opti- 
cal transmission device in which a light for controlling 
the amplification gain other than a plurality of optical sig- 
nals for transmitting information is wavelength-multi- 
plexed. In this device, adding to the optical signals for 
transmitting information, a predetermined optical signal 
for controlling the amplification gain is wavelength-mul- 
tiplexed, and these are amplified by an optical amplifier. 
Then, by wavelength-dividing and extracting only the 
light for controlling the amplification gain of lights after 
the amplification, the amplification gain of the optical 
amplifier is controlled such that the optical intensity 
becomes constant. Herein, since the gain is controlled 
on only the light for controlling the gain, even rf the 
number of optical signals for transmitting information is 
varied, the optical intensity of optical signal per each 
wavelength does not change. 

Furthermore, Japanese patent application laid- 
open No.4-36261 7(1992) discloses a wavelength multi- 
plexing optical transmission device in which an optical 
signal after amplification is divided into two optical sig- 
nals and the amplification gain of an optical amplifier is 



then controlled on a baseband signal obtained by 
demodulating one of the divided optical signals. In this 
device, the divided optical signal after amplification is 
demodulated into the baseband signal by heterodyne 

5 detection, homodyne detection or direct detection by an 
optical filter, and the gain is controlled on a peak value 
of the baseband signal. Thus, rf a baseband signal com- 
ponent is included in an optical signal with a wave- 
length, the peak value of the baseband signal to be 

70 extracted from the optical signal after the amplification 
corresponds to the optical intensity of the optical signal 
including the baseband signal after the amplification. 
Accordingly, if the amplification gain is controlled on the 
peak value of the baseband signal, even if the number 

15 of lights to be wavelength-multiplexed is varied, the opti- 
cal intensity of tight per each wavelength after the ampli- 
fication can be kept to be constant. 

As described above, if only the component corre- 
sponding to one of optical signals to be wavelength-mul- 

20 tiplexed after amplification is extracted and the 
amplification gain of an optical amplifier is then control- 
led on the component, the optical intensity of light per 
each wavelength after the amplification can be kept to 
be constant, regardless of the number of lights to be 

25 wavelength-multiplexed. 

However, if an optical signal as a reference of gain 
control is interrupted, there happens a problem that the 
gain control can be no longer conducted. 

Accordingly, it is an object of the invention to pro- 
se vide a wavelength multiplexing optical transmission 
device by which the optical intensity of light per each 
wavelength after amplification can always be kept to be 
constant, regardless of the number of lights to be wave- 
length-multiplexed. 

35 According to the invention, a wavelength multiplex- 
ing optical transmission device, comprises: 



a plurality of optical transmission means which 
comprises means for superposing a sine-wave sig- 

40 nal with a predetermined frequency on a main sig- 
nal which represents information to be transmitted 
and means for outputting an optical signal whose 
optical intensity is varied according to an output sig- 
nal of the superposing means, each of the plurality 

45 of optical transmission means being assigned a fre- 
quency of the sine-wave signal and a wavelength of 
the optical signal both of which are different from 
each other; 

means for multiplexing the optical signal output 
so from the optical transmission means; 

means for optically dividing the multiplexed optical 
signal into two optical signals; 
an electrical-optical transducing means which 
receives one of the two optical signals output from 
55 the optical dividing means and which outputs an 
electrical signal according to an optical intensity of 
the received optical signal; 
means for extracting a signal component corre- 
sponding to the sine-wave signal superposed by 
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the superposing means with respect to each of fre- 
quency component of the sine-wave signal from the 
electrical signal output from the electrical-optical 
transducing means; 

means for detecting whether or not the output of the 
signal component extracting means exists with 
respect to each frequency component of the sine- 
wave signal; 

means for accumulating the number of the sine- 
wave signal whose output is detected by the detect- 
ing means; 

means for optically amplifying the other of the two 
lights output from the optical dividing means; and 
means for setting an amplification gain of the opti- 
cal amplifying means on an intensity of an optical 
signal output from the optical amplifying means and 
the number of the sine-wave signal accumulated by 
the signal number accumulating means. 

As defined above, on each of optical signals to be 
coupled while being wavelength-multiplexed, sine-wave 
signals which are different from each other are super- 
posed. Then, one of the coupled optical signals which is 
thereafter divided is amplified by the optical amplifying 
means, the other is converted into an electrical signal. 
From this electrical signal, a sine-wave signal compo- 
nent per each frequency to be wavelength-multiplexed 
is extracted, thereby obtaining the number of the 
extracted sine-wave signal components. Then, the 
amplification gain of the optical amplifying means is 
controlled on the intensity of the optical signal output 
from the optical amplifying means and the number of 
the extracted sine-wave signal components. Thus, since 
the sine-wave signals which are different from each 
other are superposed on each of optical signals to be 
wavelength-multiplexed, the number of the multiplexed 
lights can be recognized by detecting the number of the 
sine-wave signal components which are included in the 
multiplexed optical signal. Accordingly, the amplification 
gain of the optical amplifying means can be controlled 
according to the number of lights to be currently multi- 
plexed. 

On the other hand, as defined in the appended 
claim 2, the amplification gain setting means may 
change the amplification gain of the optical amplifying 
means on the intensity of the optical signal output from 
the optical amplifying means and the number of the 
sine-wave signal accumulated by the signal number 
accumulating means, so that an optical intensity of an 
optical signal corresponding to one wavelength which is 
included in the optical signal output from the optical 
amplifying means can be controlled to be a predeter- 
mined reference value. 

Namely, based on the intensity of the optical signal 
output from the optical amplifying means and the 
number of signals(=the number of lights to be multi- 
plexed) obtained by the signal number accumulating 
means, the amplification gain of the optical amplifying 
means can be controlled such that the optical intensity 



per one wavelength optical signal is kept to be constant. 
Therefore, even if the number of lights to be multiplexed 
is varied, the optical intensity per one optical signal after 
amplification can be kept to be constant. 

5 Further, as defined in the appended claim 3, the 
signal number accumulating means may comprise an 
operational amplifier which outputs a reference signal 
with a voltage according to the number of the sine-wave 
signal whose output is detected by the detecting means, 

w and the amplification gain setting means may comprise 
an optical intensity detecting means which outputs a 
voltage signal according to the intensity of the optical 
signal output from the optical amplifying means, means 
for comparing the voltage signal output from the optical 

75 intensity detecting means with the voltage of the refer- 
ence signal output from the operational amplifier, and 
means for changing an amplification gain of the optical 
amplifying means on a comparison result by the com- 
paring means such that the voltage signal output from 

20 the optical intensity detecting means coincides with the 
voltage of the reference signal output from the opera- 
tional amplifier. 

Namely, by outputting the reference signal with a 
voltage according to the number of the extracted sine- 

25 wave signals from the operational amplifier, the amplifi- 
cation gain of the optical amplifying means can be con- 
trolled such that the voltage signal output from the 
optical intensity detecting means coincides with the volt- 
age of the reference signal output from the operational 

30 amplifier. Since the voltage of the reference signal is 
increased with an increase in the number of lights to be 
multiplexed, the gain can be changed such that the 
intensity of optical signal after amplification is increased 
according to this. Therefore, even if the number of lights 

35 to be multiplexed is varied, the optical intensity per one 
optical signal after amplification can be kept to be con- 
stant. 

Furthermore, as defined in the appended claim 4, 
the optical amplifying means may comprise a rare- 

40 earth-element-doped fiber to which an optical signal to 
be amplified is input, and an exciting light source which 
supplies the fiber with exciting light, and the amplifica- 
tion gain setting means may control an intensity of the 
exciting light output from the exciting light source on an 

45 intensity of an optical signal output from the fiber and 
the number of the sine-wave signal accumulated by the 
signal number accumulating means. 

Namely, the optical amplifying means may be a 
direct optical amplifier in which a rare-earth-element- 

so doped fiber such as an erbium-doped fiber is employed, 
and the amplification gain can be controlled by chang- 
ing the intensity of the exciting light to be supplied with 
the rare-earth-element-doped fiber. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be explained in more detail in 
conjunction with the appended drawings, wherein: 
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FIG.1 is a block diagram showing a wavelength 
multiplexing optical transmission device in a pre- 
ferred embodiment according to the invention, 
FIG.2 is a block diagram showing a schematic cir- 
cuit composition of a first optica) transmission board 
in FIG.1, :,<■-- 
FIG.3 shows a waveform of an optical signal output 
from the first transmission board in FIG.1 , 
FIG.4 shows a waveform of an optical signal output 
from a second transmission board in FIG.1, and 
FIG.5 is a block diagram showing a schematic cir- 
cuit composition of a gain control circuit in FIG.1 . 

DESCRIPTION QF THE PREFERRED EMBODI- 
MENTS 

A wavelength multiplexing optical transmission 
device in the preferred embodiment according to the 
invention will be explained in FIG.1, wherein a whole 
schematic circuit composition of the device is shown. 

The wavelength multiplexing optical transmission 
device 1 1 is provided with first and second optical trans- 
mission boards 12, 13 which output optical signals with 
wavelengths different from each other. The first and 
second optical transmission boards 12, 13 output opti- 
cal signals that sine-wave signals with first and second 
frequencies which are different from each other are 
superposed on the amplitude of a row of optical digital 
main signals which represents information to be trans- 
mitted. The lights 14, 15 output from the first and sec- 
ond optical transmission boards 12, 13 are input to an 
optical coupler 1 6 by which these lights are wavelength- 
multiplexed. Light 14 output from the optical coupler 16 
is input to an optical divider 18 by which it is divided into 
two lights. 

One light 19 output from the optical divider 18 is 
input to an optical fiber amplifier 21 in which it is ampli- 
fied. The other light 22 output from the optical divider 1 8 
is input to a signal number detecting circuit 23 in which 
the number of wavelength-multiplexed optical signals is 
detected. The signal number detecting circuit 23 com- 
prises a photodiode 25 for converting the input optical 
signal 22 into an electrical signal which is connected 
with a resistor 24 at its end, and an amplifier 26 which 
converts the optical current output from the photodiode 
25 into a voltage signal and amplifies the voltage signal. 
The voltage signal 27 output from the amplifier 26 is 
input to a first bandpass filter 28 for extracting the sine- 
wave signal component with the first frequency which is 
included in the optical signal 14 output from the first 
optical transmission board 12 and a second bandpass 
filter 29 for extracting the sine-wave signal component 
with the second frequency which is included in the opti- 
cal signal 15 output from the second optical transmis- 
sion board 13. 

First and second output detectors 31, 32 are cir- 
cuits for detecting the output from the corresponding 
bandpass filter. Namely, they detect whether or not the 
sine-wave signal component is extracted by the corre- 



sponding bandpass filter, in other words, whether or not 
the optical signal superposed by the sine-wave signal 
exists in the optical signal 22 coupled by the optical cou- 
pler 16. An adder 33 is an operational amplifier circuit 

5 for accumulating the number of signals detected by the 
first and second output detectors 31, 32. The opera- 
tional amplifier circuit which composes the adder 33 
outputs a reference voltage signal 34 with a voltage 
according to the number of the detected signals. 

10 The optical fiber amplifier 21 comprises an erbium- 
doped fiber(EDF) 41 to which the light 19 output from 
the optical divider is input, an exciting light source 42 for 
supplying EDF 41 with exciting light, and an optical 
divider 43 by which the light output from EDF 41 is 

is divided into two lights. One light output from the optical 
divider 43 is output light 44 from the wavelength multi- 
plexing optical transmission device 11. The other light 
45 output from the optical divider 43 is input to a gain 
control circuit 46 for controlling the amplification gain. 

20 Also, to the gain control circuit 46, the reference voltage 
signal 34 output from the adder 33 of the signal number 
detecting circuit 23 is input. 

The gain control circuit 46 recognizes how many 
wavelength lights are wavelength-multiplexed in the 

25 optical signal to be currently amplified, and it controls 
the intensity of the exciting light 47 output from the excit- 
ing light source 42 on the number of wavelength-multi- 
plexed lights and intensity of the optical signal which is 
wavelength-multiplexed after the amplification to keep 

30 the optical intensity per one wavelength optical signal to 
be constant. 

FIG.2 shows a composition of the first optical trans- 
mission board 12 shown in FIG.1 . The first optical trans- 
mission board 12 comprises a first low-frequency signal 

35 generator 52 which generates a low-frequency sine- 
wave signal 51 with a first frequency, a superposition 
circuit 54 in which the low-frequency sine-wave signal 
51 is superposed on a main signal 53 which represents 
digital information to be transmitted, and an electrical- 

40 optical transducer 56 which outputs an optical signal 
with the first frequency whose optical intensity is modu- 
lated according to the amplitude of an electrical signal 
55 output from the superposition circuit 54. The compo- 
sition of the second optical transmission board 13 is 

45 similar to that of the first optical transmission board 1 2, 
therefore the explanation being omitted. Meanwhile, a 
tow-frequency signal generator of the second optical 
transmission board 13 outputs a low-frequency sine- 
wave signal with a second frequency, an electrical -opti- 

so cal transducer thereof outputs an optical signal with the 
second frequency. 

FIG.3 shows an example of the optical signal output 
from the first optical transmission board 12, wherein the 
abscissa axis represents the process of time and the 

55 ordinate axis represents a variation in the optical inten- 
sity of optical signal. In the optical signal output from the 
first optical transmission board 12, the low-frequency 
sine-wave signal with the first frequency is superposed 
on a variation in the amplitude on the main signal. 
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FIG.4 shows an example of the optical signal output 
from the second optical transmission board 13. wherein 
the abscissa axis represents the process of time and 
the ordinate axis represents a variation in the optical 
intensity of optical signal. In the optical signal output 5 
frorrvthe second optical transmission board 13, the low- 
frequency sine-wave signal with the second frequency 
is superposed on a variation in the amplitude on the 
main signal. The first frequency is set to be lower than 
the second frequency. Both the first and second fre- 10 
quencies are sufficiently lower than the rate of the main 
signal. The degree of modulation of the main signal by 
each of the sine-wave signals is such that it does not 
affect the transmission of the main signal. For example, 
the degree of modulation is about 10%. 75 

FIG.5 shows a composition of the gain control cir- 
cuit 46 shown in FIG.1. The optical signal 45 output 
from the optical divider 43 as shown in F1G.1 is input 
into a photodiode 61 which outputs an electrical signal 
according to the optical intensity. The electrical signal 20 
output from the photodiode 61 is amplified and aver- 
aged by an amplifier 62 and is converted into a voltage 
signal 63 corresponding to an average value of optical 
power. Then, the voltage signal 63 output from the 
amplifier 62 and a reference voltage signal 34 output 25 
from an operational amplifier 33 of the signal number 
detecting circuit 23 are input into a comparator 64 in 
which these signals are compared. The output signal of 
the comparator 64 is input, as a control signal for con- 
trolling the amount of an exciting current, into an excit- 30 
ing light source drive circuit 65 which generates the 
exciting current supplied to the exciting light source 42 
shown in FIG.1. 

In operation, the signal number detecting circuit 23 
outputs the reference voltage signal 34 according to the 35 
number of the optical signals to be wavelength-multi- 
plexed. For example, when the optical signals are out- 
put from both the first and second optical transmission 
boards 12, 13, both the outputs of the first and second 
output detectors 31 , 32 are effective, and the adder 33 40 
then outputs the reference voltage signal 34 with a volt- 
age corresponding to the number of the two signals. For 
example, if the number of the two signals is two, the ref- 
erence voltage signal 34 with a voltage of 6V is output. 
Then, the comparator 64 of the gain control circuit 46 of 45 
the optical fiber amplifier 21 compares the voltage 63 
output from the amplifier 62 which corresponds to the 
optical intensity after the amplification and the reference 
voltage signal 34 of 6 V 

On the other hand, if the optical signal is output so 
from only the first optical transmission board 12 while 
the output signal of the second optical transmission 
board 13 is stopped, then the output of the first output 
detector 31 becomes effective and the output of the sec- 
ond output detector 32 becomes ineffective. Thus, the ss 
adder 33 outputs the reference voltage signal 34 with a 
voltage corresponding to the number of one signal. For 
example, in the case that this voltage is 3 V, the compa- 
rator compares the voltage 63 corresponding to the 



optical intensity after the amplification and the reference 
voltage signal 34 of 3V. 

As explained above, depending on the number of 
the optical signals to be wavelength-multiplexed, the 
voltage value of the reference voltage signal can be 
changed. Therefore, even if -the number of the wave- 
length-multiplexed optical signals is varied, the optical 
intensity per one wavelength optical signal after the 
amplification by the optical f ber amplifier 21 can be kept 
to be constant. 

In the above-mentioned embodiment, there is pro- 
vided a case that lights output from two optical transmis- 
sion boards are multiplexed. However, lights output from 
three optical transmission boards may be multiplexed. 
In this case, it is necessary for optical wavelengths out- 
put from the respective optical transmission boards and 
frequencies of sine-wave signals to be superposed to 
be different from one another. Also, the signal number 
detecting circuit should be provided with bandpass fil- 
ters and output detectors whose number corresponds to 
the number of optical transmission boards. The adder 
33 sums up the outputs of these output detectors. The 
center frequency of each bandpass filter should be 
adapted to the frequency of the sine-wave signal to be 
superposed. 

Though, in the above embodiment, the voltage 
value of the reference voltage signal is 6V or 3V, it is not 
limited thereto. Namely, a voltage value per a signal 
number can be an optionally predetermined value, and 
a voltage value obtained by multiplying this predeter- 
mined value by the signal number can be output from 
the adder. 

Although the invention has been described with 
respect to specific embodiment for complete and clear 
disclosure, the appended claims are not to be thus lim- 
ited but are to be construed as embodying all modifica- 
tion and alternative constructions that may be occurred 
to one skilled in the art which fairly fail within the basic 
teaching here is set forth. 

Claims 

1. A wavelength multiplexing optical transmission 
device, comprising: 

a plurality of optical transmission means which 
comprises means for superposing a sine-wave 
signal with a predetermined frequency on a 
main signal which represents information to be 
transmitted and means for outputting an optical 
signal whose optical intensity is varied accord- 
ing to an output signal of said superposing 
means, each of said plurality of optical trans- 
mission means being assigned a frequency of 
said sine-wave signal and a wavelength of said 
optical signal both of which are different from 
each other; 

means for multiplexing said optical signal out- 
put from said optical transmission means; 
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means for optically dividing said multiplexed 
optical signal into two optical signals; 
an electrical-optical transducing means which 
receives one of said two optical signals output 
from said optical dividing means and which out- s 
puts an electrical signal according to an optical 
intensity of said received optical signal ; -:■ 
means for extracting a signal component corre- 
sponding to said sine-wave signal superposed 
by said superposing means with respect to 10 
each of frequency component of said sine- 
wave signal from said electrical signal output 
from said electrical-optical transducing means; 
means for detecting whether or not the output 
of said signal component extracting means is 
exists with respect to each frequency compo- 
nent of said sine-wave signal; 
means for accumulating the number of said 
sine-wave signal whose output is detected by 
said detecting means; 20 
means for optically amplifying the other of said 
two lights output from said optical dividing 
means; and 

means for setting an amplification gain of said 
optical amplifying means on an intensity of an 25 
optical signal output from said optical amplify- 
ing means and said number of said sine-wave 
signal accumulated by said signal number 
accumulating means. 

30 

2. A wavelength multiplexing optical transmission 
device, according to claim 1, wherein: 

said amplification gain setting means 
changes said amplification gain of said optical 
amplifying means on said intensity of said optical 35 
signal output from said optical amplifying means 
and said number of said sine-wave signal accumu- 
lated by said signal number accumulating means, 
so that an optical intensity of an optical signal corre- 
sponding to one wavelength which is included in 40 
said optical signal output from said optical amplify- 
ing means is controlled to be a predetermined refer- 
ence value. 

3. A wavelength multiplexing optical transmission 45 
device, according to claim 1, wherein: 

said signal number accumulating means 
comprises an operational amplifier which outputs a 
reference signal with a voltage according to the 
number of said sine-wave signal whose output is so 
detected by said detecting means, and 

said amplification gain setting means com- 
prises an optical intensity detecting means which 
outputs a voltage signal according to said intensity 
of said optical signal output from said optical ampli- ss 
fying means, means for comparing said voltage sig- 
nal output from said optical intensity detecting 
means with said voltage of said reference signal 
output from said operational amplifier, and means 



for changing an amplification gain of said optical 
amplifying means on a comparison result by said 
comparing means such that said voltage signal out- 
put from said optical intensity detecting means 
coincides with said voltage of said reference signal 
output from said operational amplifier. 

4. A wavelength multiplexing optical transmission 
device, according to claim 1, wherein: 

said optical amplifying means comprises a 
rare-earth-element<loped fiber to which an optical 
signal to be amplified is input, and an exciting light 
source which supplies said fiber with exciting light, 
and 

said amplification gain setting means con- 
trols an intensity of said exciting light output from 
said exciting light source on an intensity of an opti- 
cal signal output from said fiber and said number of 
said sine-wave signal accumulated by said signal 
number accumulating means. 
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